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l·!ea•l .:.t) ,- L:. ~!. t~..:mperat. rc anc1 :l.tc profiles \·:ere co.1-

.pon tht: ..:.:prl:JSic)!l for the norr.1alL:c c.; lo3ar ithmic 11ind .;h:::a r 

of tla~ e· .. y ciFf ~,,ivitii.:.: for heat a nu. mo •. 1entum. This para-

mett.T \:a s , Lt L rn, cumput·.!(~ from Pr.~e::-:tL .. y ' .. expre~;s i otl 

for the . i.mLtL~i.onles s heat flux fo r frcc -convccti·,;e cas ~:s . 

III us in..; o: :er'. ed ··.LH. 'ata from tl!e mean profilL: in or c:c 

to veri tj i'lL: til·-'on·ti cal c omputation:: o-..: -:;ome marl:cd 

t.t iscrepand c. oc c · lTc·C: a ove tlle 100 em lev~ l. Thc:~e \n~ r c 

to e•np:;,oy c o.1L~O.i t.2ata , asc·d oa ,h;utral IJ:Cofiles to correct 

th<' ·inl, pee· c •• '>J!·cn thL; vas uotlC , t· tC theoretical anc. 

o··~;crvct. Dc:acm. prpfi~e uumhcr.·> •Jere Ln very good ac:;reemetlt. 

The :c i t<.::r i: <.i ecp Ly iu1.c; tc(1 to D:: . F. L. Hartin 

(Pro .Zcssor o£ Hctcorolo:;y) for his sugJcs tio:ts and contL,u· .. ~--

help t hrou3i,ou t t:JC i.n,ec-;tigations an ti ... rin~; preparation 

of tl1ls paper. Special crcuit is c .'C lJrofcssor Martin foi..· 

llLs large sh.::t;_·c; in (C'/Cloping the ,,~eri'. ati_o ,ls ill thit> st 1dy. 
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1 . I n t r o.J u. .1 c L 1. o u • 

The Deacou pi.:u.~..ilc numuer may be <tcfineu oy 

A~ -- (1) 

k 

u.,.: Lite L.·iction velocity 

k = the Von I~armann cons taut a at: is avproxima te ly 
equal to OA 

z = Lhc nci~ht a 0ove the grounci 

~ = ~he D~acon profile numucr 

An a lternative uef.i.nLtior~ o f ~ v.•ili c h _~.s eqL<i valent to 

tt~at i ~• equat ion (l) , p roviueu ~ anu Li ~·~ a re constant 

~.;rith hcl.;~·~ t in any parL of the surface l ayc:c, .i.s 

-- ~ ( 2) 

\.Jitb the use of finite ui ff erenc .;!S in tl1e l a ye 1. l, 2, J, 

the iast c.,l-~.f iuili oil o.C ~ impl.ics thnt an .Lnte6 :ra l mean 

value i~~ ui·JL"Ll uy 

r-1 (3) 

In t t1e ueri·ation ol: t.:qL:a..:ion (JJ , the suc cess ive levels 

, c "dou .. let. 11 .~..cvel s s o Lhat 

•• I,../ 
""3 1 "'2 

veci1yin~ i:.Le \al~...2 ~u. ~ compu tcu '-'Y otl,e:c met nous Lo 

be Jiscusseu later. 

l 



Hhere 

o/ .JL 
9 

6 = the acceiel."at iot , l)f z.;rn-.·ity 

' 'l 

(4) 

e tt\C poteutial tempe!.·atur..: '. . .:..~.-L ... d t.n.._ SdJ . .-LlCt' 

layer 

energ y pro.J.wccc... > a .::r.1os ..... w:r i c ... cyancy to tl n t p .... ·o(.' · c:e( 

by mechatli ca l f.c.Lctio: t . 

profile \•lhich has tile fo:cm 

in place of the eq 1.ativu ' / . 
ClU./ ·~ ·-' - AI.. ./k :e 

./ - - 1"'-/ 
I 

in strictly ucutral conu i tion~L 

Obukhov to L C O. G, and L .. is Lhe u( n Lt-d L\! •. •10\ scnl.e-

length defincu accoJ.:air1 ,• ., to the pair o f e q at ions 

L 

\-\ l< pc·· . 'd(~/ 
I W • ~ 1 .t 

\l ' ./~~ 
(_) •'-



.:l.l 

con,:uc L ;.o.l, arc 

"" ~ ..L.l: ... 4""'"J ) L-p,. · ., 5 · i L,,, 

[ .)J/ ) rclatio.1 -

sitit) [ ('.!.0 .. J 
J...UitJ>e uf ~>L ... ·,~nct.:-l.:l)'e~· ~~a .:..11.ties, 

t •• con:t Lea i ::..-e l.a t ior;shi!J, the 

5\ }_:t ~u.. 
'! 

~ ~ .. 

L 
·.:here 

J.{ [ .L s tl'LC f lux l~icnaru~:ol• .Hlt,'""'r . ------·--

GC t i..ti l io.l o J~ \..; ,c L:ic L.G.t '.'C LOCi '-Y 

2 
rlL -
~ - ~) 

) 
3 

r, 7) 

(8) 



T = I<"" p '0/~~ ... 
ul l1:e su:uac~ Jayer, ano p is the (ensity of air. 

On tnc otlteJ.· land, Ellison [11)57] !1as designeu an 

ir.terpolatlon formula for the .lind profile 1.1li ictl fit~ 

o,Jserveu L..J.ta t.:i':.<,ct· ct:rlaln lim.i.t.i.ng COitLitious of sta-

llility. Ills su;.:,;Scstcu. formula, after some u .. -ansforrna-

t ions, has t:w f onn 

4 
5 

' y ;J t.::~.~ u- ~~ _ ... _____ ·-
\ 
L_, 

1. 

:i.s the ratio u; conve::cti\e to mcdwnica l 

( ~) 

encrr,Y SJ,;rc~s oi tur.m:ent ener~,y. ny utilizin;; eqlJa-

t ious ("I) a;1;_· ()), one· ou Ul. ins 

(10) 

For sm.:lll va.Ltcs vi .c.,L or o.l. t<.~ , one <.:an cnsily verify 

cxpons ion as that of i1o-::J:Lu -uudl .. llO'II ~ . c·) l 1 e :uat.Lon ) ~ • 
L J 

From tests ol' nwnc :rous Hind profiles at various 

~·:eve hi l conclu,.u fl.·om cqi ation (10) that 

can c e o f t i 1.i.. ~, v a i..! e '-; i 1 1 be s c en in S c c t: i. o u 4 • 



L I .L. '• l.' 

le\:el z 1 'J •• ea..: li":c r.1iupoint of. la:;.c1.· z 1 Lo :~ 2 ~vas 

sug;estcl, J,j. Le;ttau [>2e pp, 328-329, Lettau anu 

uaviuso1,, J.)':i'; J , an<..~ hns t.1tE Ln··-, 

11 SUCCt~SSi\C l~OU . .l.Cd 11 anJ 

r•y 

~-·\ __,\ 

-.; - \; -~y -;; -- y· '; ';I 
ol. \. 7"- - ..... 1 -· ~ - r..-.: i._ ~ 

In e q ;ation (ll), @. ., ..... 
anc 

(li) 

apply to the tor) of the ~nycr, a:1ci e"" <lLllt u apply Lo 
.J .... 

the geometric mean hei~ht z
1

•
2 

in unsLat)J..::• conult.i.ch1S. 

8.2 of the 1.·ccoru ,1 1 ~r·ojC'ct l.'ntir.i.c G' a ss [ ?arad c~~.- al, 

19~)s\ an<..! Here l.-est.clct"-< t,J coscs of h~L:C convection. 

l'r icstley'~; c1.·i..tc.,1.·iou fot· fl."C(' con·.,.Qction , 

mcasdremcul: of Jti al L.'J n1eters. F1·otn Li1c \,inu GUt.:1 of 

~rojcct ~~airic Grass, 44 case~ of ieee con~cction were 

comput~.~.~ • The ncau \·Jinu spc~llS a l l ~ ac;t uoul: leJ levc 1 ar~ 

U.stcJ in Taulc 1. For tiwsc ~-anw :~rcc-co .. \cctivc cases, 



'· 

l I i 

\.' \,_ o I,_ l,. {"': 

,.:r ;...,_J."C<.,' :.OU!.J~l..!Cl levl'iS (:_: 
.l.. 

In ·.~:a J Ll' .:_ • . ~u .. e-cs ui c.h an as U:r .i. ~ 

.. l~ L .... 

.... , ~ L L? l , a l ., c; 

.) LL L.. ~L l 

:..t. .. lllCCS ll[l.'. <.: L(.:ii :..; ~ L '-·1 i. <.: '· i..l ·""a'J 1 t_ l. l 

~ j ttL.~ ... a~lel ; L-.lilt ~- .... _J_ ...... ia( .. a~·· .11ic "1 1A-D~ ) , <- .... 

\-~ 
I \ . }ol. 

'"' \ 

., 

:.:cc ~ 1:' 

ill .: ().' 

·-.! .. 

'1 
.!.) ,,Q \ 

.J 

oenec th 

-· 
.JS.i..vitics .c:.. 



TABLE 1. !'lean micrometc.:orolo,_~i. cnl .,?.i.:n u.;tnineu fl·om 4l: frc.:e convective casc.:s at S•.tccessive l~vels 0.1. t b .:.: 

Tc.:::<1s A.anc, H. L1stallatioa at O ' .. ciil) r:e, l.·a~ka c url.n. ·, ti.e uo . ~ ~... s :;;f July anu .cl.u:,ust 19 ..... ~:~. 

Level (em) 

Poten tial 
Temp.(°K) 

•tJimis pee~ 
1 

(em sec ) 

Layer _;eometric 
mean (em) 

E} --'~. ("K) 
l. -< 

-1 
u2 -u

1
(cm sec ) 

n· ,0 -3 
- .\~ X J. 

6. 25 u.s 

307 .4L~\- 306.06 

19'-~. 0~" 253. J•k 

0.84 

1.42''~' 

)8.5•': 

8. Ji< 

2) . 0 50.0 

305.26 30-+.29 

311.8 370.4 

17.0& J).J) 10. i 0 

0.80 0.')7 0.81 

58. j~k 58.) Sl.J 

9. 2•'< 2i~. 4 i~8. 7 

;': Nurn0ers I:Jilh au asterisk are e:-::trapolated values. 

7 

100.0 200.0 

303 . ·+8 .>02. i) 

L1Zl. 7 q64. 7 

141 . . f2 232.3-+ 

0.68 0. _) i 

.'f3 .o L~8. l 

llu.7 156.0 

::,oo .o 800.0 1600.0 

3()2.23 J01.7o 301.38 

:,12.8 548.4 

565.68 

0 ,,t~ 7 

35.0 

1fll.5 

)85.8 

iU 1.3b 

0.38 

3 ~ f 
/11 •--} 

6Sl2.8 



atHJ iu cnses of fre~.: Ct>ll\·CCLi on , H ... ~~~~~ h~ cvera0 e val~..c 

(12) 

Ly applyin~ eqtiations (··:) anu (lO) ~·Jlth lhe fir&t .(ol.Tl of 

H.
1
,. Thus by cq t'.:l t ion ( 12) \d th H.,.~ = () 

LCJnlions hip for cascH o f f~ec con\cct~on ~~ 

( .. 3) 

usinb the ·.clue k = O,iJ 

assum~~ to hul~ exactly aL the level 1.41 meters, ~hat is, 

,.Jlves res·ults 

~ - 1.41 metc~s: 

oq 1 . . ~ 

-· 
Hencerortn, tn~aLc~.... ns n consLau\.. ut 

ot her layer cc~tcrD or Ta~le l anc 

;.-elatimlship ,·<.:comes 

( li; ) 

The Tat io 1(
11

,1)1 is thus oi·LnLH:!lt as the ~~ol;;ti o11 of the 

Table 2 sbo1.'S the \nlue:.i of Kn/!1-ri computet. uy equation ( l •r ) 



SLtCC 

value of .:as assume c. to ho lc~ exact l.; 

at the lc,cl J...~fl tnelcrs, 'i'Le i·1ain JUSt.i...ll.cutiull of this 

It tu1·n:; oul th.:1c tlte ciwice O = J,,.:) at 1.41 

! 
meters, results i.n values of 1;- sli,;htly _;·.:c!at~r than 

.) 

18.0 a~)O\.L 1.':1 nctcrs, but soi.lC':I1at sma.~le:: belou this 

level. 
I 

Horco ·. er, \il1el1 l-hes<.:: if 
~ r ' .t'/ ::;,: ,I 

loa .• ;.or 2.) em ~ .... ~ lbOO em, an average 

·.,<.due of ~, . .-- ve1.·y close LO J..8. 0 n;sul ts. 
7c 

·....._\ 

:) 
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:) . The ~~ ,_. 
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Fi·O .. l l..l -· 

65 (1 t· Ju~ I l 
!L / -... .. - -+ z .. _:):_. · .. i - - - --- (15) s ~;! ~ '>, l.ll j ..... \ I' "\. ?-I V ' 7....._. . "'·.:.:. ..... : 

/ ... ..: ~ 

Fror.1 eq ua t io~1 (L) U:e sec;..>nc. LCnal ii ti1in the pnre:.1 theses 

in rcco~uizel. to .. t! - ~ Also upO•l <lPI-'lying lo,;ar ithmic 

ci iff e:ce:1 U.n ~ion to t be uurma i ize-.... lnunri tbr.1ic Hind shear 

s ! ; - ;v. 
i } 

one obta L"ts = 

l ... 
\ 
C· ·< -' ~ 

.. 
/ 

(~ \. ;-, 
\.) 

(lG) 
.)' 

~"'\ 

J 
., .... 
• ...... I 1 

\ 
Ellminatio~l oi frOILl equ.:1 i.: iLms (1)) auu 

(16) leads ·a:o 

- - 4.. 
1 \ 

( 17) 
·-). 

\ I 

\... 
' ~ \ 
\ 

ass wnins k-J: ;,. ... , , e cJ .. sLani i. n the layer. 

Hence L1te,;ratiou oi eqt.ation (1'1) f .. · o~o1 ~l to ;;-; 2 yielc.is 

the menn vnluc /3 fo.r the l.:1yer 0 i ven •.. y , 
\ 

R --: 
\...._~ ... (LS) 
' 

then the t.JC;;!Oret.Lcnl ------- r?,- Ri relationship. 
t-· 

•. 

1.1 

L 

Tl~e value 



::= Y. ·- -
1-.... 

u1. t:q .... ati.o~t (lu) :L~ t.mue iuc ln~er:; ,,ct .. :cc.•n succL:ssive 

Since ~::: lu. d is L.~.·e.:n:eu L!S a constant \.' ithin 

the surfact> la;·cr, cquntion (J.d) Gecomes 

( 1.9) 

The results o ... taine<.. usin.; tl!ls cqultiOtl , togcthe:r ·;'lith 

th<.~ ca ta o~. TaL le 1 en ... 2, a1·e lis teu in Ta,j le 3. In 

f:l , t:·1e vaiue resuitin:-: .t:.cou cquat:i.otl (1':1) 

\·!i ti.1 I. :I' 'H' ·-~-1 values taken from TaJl~ ~. 

(~,...,.. , the value resultin' fr· u li1 eq·.Jation (18) , . lL d - -

Hith(KH'·r~~1 ) ~ == 1~.0 at all levels, so that 

satisfies 

P--l I-.-
.;,.o. 

( D \ I ·"'I :1 \ 
~~-.\~ ~~~- .. /,·,. • -:. --~--- ~-~~:.~I~ ,l._ ~~·-l~ _!___ 

I 
·-J 

the value resLiLin,; Lro;n cquaLion (J). 

(20) 

It should 0 c notetl that r? ' \_. \: anc e. · 1 
1..,J .. , arc .L.n re a-
'· ~ ... -

tivcly close a.;reernent, in1t so:1H~ UtiU[:l!nl <~l.screpancies 

occur in This uifficulty i:; ucalt \-lith at more 

lcn:.;ti1 i11 Section 6. 

, ? 
1.-



G. Cur .. :ecLiun tvr Pm value~;. 

So1~1e i1iC0.1s is tency occu.c:; in comput iH..... ~ u::, in0 

tiirect ~ind laLa. At the 200 em level, tlw (-' value 
,...~~. 

\.'aS \ e1·y lml J..n CO!i!pal:isou ui Lh the !;;LlTounC.:iu,o; f ' s. 

Thi~ cr1·or occu•.· rv{i because Lill! vt!r l:. ica l ,, i1.u spcec 

increment nc t\oicen the 200 em a11 n ·+00 em leve l \laS ilOt 

cons is Lent '.!i i::l ... hos\; in au_Jticcu t layer;:>. This suJ.;es ts 

that t l!ere may bavc L,ceu an instrumen.tal error at. oue 

or more of these levels. Hc11cc ~control (Jata taG.le \vas 

ma~e up 0y seleclin6 ~ata occurrin~ at the time o f a 

neutra l ~·i11<.l profile, that if-, uhen the potential tempera-

sunrise an~ stnscl. Fourteen (1~) cases have been selected 

that meet those ~·cquircments anu [rom these a near-neutral 

\·Jind profile \·:as colilputcc.i, as shu.m in Ta u le 4. 

!\. pe rfect llClotral \vinJ prol:ile v!Ould ~lave the c har-

acterisLic oi c onstant (u2 - u 1) inc ccment ~ ~etwcen 

:>ucccs~>ivc cO .. t·leu levels . HO\;cver, the '.a lues of 

(u2 - ul) i.: Taule t:r inuicatcs tbat this \·Jas not the 

case. The lo\-Jes t ~hr~c laye rs in Table 4 ha ve ( u2 - u 1 ) 

increments \'lhich are quite close Lo t;1eir overall mea·,\ 

of i~9. 6 C.:! 
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~ cc This last ~aluc inJicates the slope 

of the loga1:i tlu,1i c profile \·ihi e ll ex is Ls unuer neutral 

conu itions. r:w remaining three ·,·J in c.t increment:; of 

Table <'1- then inc.icate perce <1 ta6 c \·Jise hoH much t he next 

three layer s GeviateG f rom cons iste~cy vith the lower 

l3 



~ ... 
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